In this study, we designed a delayed payment mechanism in laboratory second price auctions (SPAs), under which subjects received a cash endowment two weeks after the experiment day and had to use their own money to pay the experimental losses (if any) on the experiment day. We compared the effect of delayed payment on overbidding in the induced value SPAs with the conventional "on-the-spot" payment mechanism where the subjects received an endowment on the experiment day, and the prepaid mechanism where the subjects received the endowment two weeks before the experiment day. Each auction was repeated for 20 rounds to provide sufficient learning opportunities to the bidders. Our results showed that bids converged to the corresponding values over auction rounds and overbidding was reduced by previous losses, consistently with the adaptive learning theory. Moreover, overbidding seems to depend significantly on bidders' cash holding, and the magnitude of the payment treatment effects depends crucially on liquidity constraints. In the presence of liquidity constraints, both delayed and prepaid payment mechanisms reduced overbidding, while in the absence of liquidity constraints, only the delayed endowment mechanism reduced overbidding. Furthermore, when controlling the degree of liquidity constraints, subjects with higher GPAs were less likely to overbid and the delayed endowment mechanism significantly reduced overbidding compared to other payment mechanisms. These results suggest that overbidding in SPAs might be caused by bounded rationality and could be reduced by adaptive learning especially when overbidding becomes "truly" costly to subjects.
Introduction
It is well known that in second price sealed bid auctions (SPAs), bidding one's true value is a weakly dominant strategy [1] . However, many laboratory experiments have reported significant and persistent overbidding in SPAs, i.e., bidding above one's value [2, 3] . One explanation but not under the other payment mechanisms. Furthermore, controlling the degree of liquidity constraints, we found that subjects with higher GPAs were less likely to overbid and the delayed endowment mechanism significantly reduced overbidding compared to other payment mechanisms. These findings suggest that overbidding in SPAs might be caused by bounded rationality and could be reduced by adaptive learning especially when overbidding becomes "truly" costly to subjects.
The rest of paper is organized as follows. We will first present the experimental procedures, which include the second-price auctions and elicitations of time and risk preferences. Then we will report and discuss the experiment results, and conclude the paper.
Experimental methodology and procedure
The experiments were conducted in the College of Economics and Management, University of Philippines Los Baños (UPLB). The Texas A&M University Institutional Review Board (IRB) approved this study. All participants have provided written informed consent to participate in this study and the IRB approved this consent procedure.
Payment schemes
One hundred and twenty undergraduate students were recruited and randomly assigned to four payment treatment sessions with 30 subjects in each session:
• "on-the-spot" payment: a lump sum payment (cash endowment plus/minus experimental earnings/losses) was paid to each subject at the end of the experiment;
• lump sum delayed payment: a lump sum payment (cash endowment plus/minus experimental earnings/losses) was delivered to each subject two weeks after the experiment;
• delayed endowment: cash endowment was delivered to each subject two weeks after the experiment. However, the subjects received the experimental earnings, or paid the experimental losses on the day of the experiment;
• prepaid payment: cash endowment was delivered to each subject two weeks prior to the experiment while the subjects received the experimental earnings, or paid the experimental losses on the day of experiment.
The cash endowment for each subject was 150 Philippine Pesos (PHP) (1USD = 41.59PHP), which included 100PHP as participation fee and 50PHP as starting balance for the auctions. To facilitate the delivery of the payment, we recorded the subjects' class schedules, classrooms, and/or contact addresses when they signed up for the experiments. On the experiment day we provided each participant a promissory note promising the money delivery. The payment was then delivered to the subjects in their classrooms on the scheduled payment day. Note that when surveyed about whether they trusted us for receiving delayed payment, all subjects answered "Yes".
Auction designs
In each treatment session, subjects were randomly assigned to three auction groups to participate in 10-bidder second price induced value auctions. They were instructed to bid for a fictitious good that had some 'value' to them and each auction was repeated for 20 rounds. In each auction around, every subject was assigned a private value for this good, and the person who submitted the highest bid among the 10 bidders was declared the winner of the group. If more than one bidder submitted the highest bid in a group, the winner was randomly selected among them by rolling a dice. The winner earned a profit equal to his or her assigned value minus the second highest bid. All other bidders received a zero profit. Note that the winner's profit would be negative if the second highest bid is higher than the assigned value. Bidders' values were randomly drawn from a uniform distribution on the interval [1, 100] and were different for each bidder in every round. The values and bids were described to the subjects in the unit of Experimental Dollars (ED) but final payment to the subjects were converted from EDs to PHPs (10ED = 1PHP). Each individual had no information about the other subjects' values. Following Lusk et al. [21] , we used the same set of 200 values (10 bidders x 20 auction rounds) in all sessions.
At the end of each auction round, the subjects were informed about the profits they earned (or losses if the profit became negative) from that round and their accumulated profit (or losses) up to that round, which was the sum of profits from all the completed rounds. This information was made known to each subject privately. If at any round, a subject's accumulated profit up to that round became less than -500ED, he/she was no longer allowed to bid in subsequent rounds as this meant that the subject had exhausted the starting balance of 50 PHP (10ED = 1PHP). Note that this situation only occurred once throughout all sessions.
Elicitation of risk and time preferences with varying background consumptions
In the real world, personal income and background consumptions may differ across individuals and vary over time. According to the prospect theory, outcomes are evaluated using a value function defined over departures from a reference point [22, 23] , and subjects' risk and time preferences can be affected by the temporal reference point [24, 25] . Our experiment provides a compelling case of non-constant background consumption and differential temporal reference points since subjects received the endowment on different days due to different payment schemes.
We modified the method of Andersen et al. [26] to elicit subjects' time preference and risk preference jointly, allowing the possibility of varying background consumption. The multiple price list table of time preference survey is presented in Table 1 [27, 28] . Consider two payment scenarios: (i) receiving M t at time t but no income at a later time period t + 1, (ii) receiving no income at time t but M t+τ at time t + τ. Under the assumption of exponential time discounting, a subject was indifferent between these two income options if and only if,
where the utility function U(x) is separable and stationary over time, δ is the time discount rate, and w t and w t+1 are the background consumption at time t and t + 1, respectively. Assuming CRRA utility function,
, where r is the CRRA coefficient (r 6 ¼ 1), solving Eq (1) yields the subject's time discount rate,
We divided a subjects' monthly allowance provided in the post-auction survey by 30 days and used that as his regular daily consumption w. For the "on-the-spot" payment treatment, the background consumption on the experiment day was his regular daily consumption plus experiment payment, whereas the background consumption two weeks after was the regular daily consumption. For the lump sum delayed payment treatment and the delayed endowment treatment, the background consumption on the experiment day was the regular daily consumption, while background consumption two weeks after was regular daily consumption plus experiment payment. For the prepaid treatment, the background consumptions on experiment day and on the day two weeks after were both the same as the regular background consumption, as a subject received the endowment two weeks before the experiment. The CRRA risk coefficient r was elicited following the method of Andersen et al. [26] and Holt and Laury [29] as shown in Table 2 .
The subjects were asked to choose between lottery A and lottery B in each row. Each lottery offers a probability p of receiving a high payment, and a probability 1-p of receiving a low payment. Given p of the row where a subject switches from choosing A to choosing B, the CRRA coefficient r can be calculated, with r>0 indicating risk aversion, r<0 indicating risk loving, and r = 0 indicating risk neutrality.
Results and discussion

Summarization of auction results
Descriptive statistics and definition of variables used in our analysis are presented in Table 3 , and summary statistics of the bids are presented in Table 4 . Consistent with previous studies, we found substantial overbidding in all four treatments, with 80% of the bids exceeding the associated values. Fig 1 uses the boxplot to describe the distributions of bids. The boxplot presents the interquartile range from 25% to 75% as a rectangle on the chart. The median for the data set is plotted as a solid black line across the rectangle, while the range is plotted with dotted lines extending from the central rectangle up to the maximum and down to the minimum. The average bid of the delayed endowment treatment was significantly lower than that of the "onthe-spot" payment treatment in the last 10 rounds (p value <1e-5), while little difference was observed in the first 10 rounds. There was little difference in the average bids between the other two treatments (prepaid and lump sum delayed treatment) and the "on-the-spot" payment treatment. Similar patterns were found for the level of overbid (bid minus value) (Fig 2) and the winning prices (the second highest bids) (Fig 3) . On average, subjects in the delayed endowment treatment session overbid by 16ED, while those in the other three treatment sessions overbid by 24ED. In all treatments, the degrees of overbidding were lower in the last 10 rounds than in the first 10 rounds and this difference was particularly significant in the delayed endowment treatment. These results imply that after repeating several rounds of auctions, subjects bid closer to their true values, suggesting the possible existence of bounded rationality and learning, which would be explored using regression analysis in the next section.
Regression analysis
We first employed the linear mixed-effect model to investigate factors that affect bids in the first 10 rounds, the last 10 rounds, and all 20 rounds of auctions, respectively. The treatment effects are modeled by fixed effects, and individual bidder characteristics are modeled by random effects as each individual participated in 20 auction rounds. The explanatory variables in the regressions include the assigned values, treatment dummies, round numbers, risk attitude (CRRA risk parameter), time discount rate, amount of money brought to the experiment (pocket money), age, gender, monthly allowance (= 0 when monthly allowance < PHP 1,999; = 1 when monthly allowance > = 1,999), work status (= 0 if not working; = 1 if either parttime or full-time working), grade point average (GPA), and the amount of accumulated losses up to the previous auction round (lag-accumulated-loss). Note that the monthly allowance in the questionnaire was constructed as a categorical variable (Table 3) . We have tested the robustness of the results by constructing dummy variables for all categories and using different cutoff points, which all generated similar results. Therefore, to save degrees of freedom in the regression analysis, we chose to use PHP 1,999 as the cutoff to construct a single dummy variable in the regression analysis for monthly allowance (66 subjects with monthly allowance < 1,999; 54 subjects with monthly allowance > = 1,999).
The estimation results are reported in Table 5 . The overall results suggest that the delayed endowment treatment has reduced bids significantly compared to the "on-the-spot" payment treatment especially in the last 10 rounds. Moreover, having a job significantly decreased the bids suggesting that people who worked to earn their money tended to spend their money more carefully, which might be in line with the house money effect. Risk attitudes do not significantly affect bids, suggesting that our results do not appear to provide evidence of the existence of the "joy of winning" effect on overbidding, under which bidders who are more risk averse should be less likely to overbid. The coefficient of "value" was 1.0998 for the first 10 Delayed payment in experimental auctions rounds and decreased to 1.0057 for the last 10 rounds. This convergence of bids towards true values in the last 10 rounds implies a possible effect of adaptive learning that reduced overbidding due to bounded rationality in the early rounds of the auctions. The negative coefficients of lag-accumulated-loss suggest that subjects reduce overbidding by learning from previous losses. In addition, bids increased with the amount of money brought to the experiment by subjects in the first 10 rounds.
Bounded rationality and learning
We now proceed to examine the possible learning effects by analyzing overbids over auction rounds across different payment treatments. Individual characteristics are controlled by the random effects model. The results are reported in Table 6 .
In the delayed endowment treatment, overbidding was significantly reduced over rounds. Moreover, in this treatment, overbids were lower for bidders with higher GPA, which is a possible indicator of cognitive ability and learning ability [30, 31] . In the prepaid treatment, where participants had to pay the losses using their own money, as well as in the delayed endowment treatment, overbids were also lower for bidders with higher GPA although the difference is not statistically significant. The interaction term of GPA and number of rounds in the delayed payment treatment is significantly positive, suggesting that individuals with lower GPA learned effectively over rounds. We also found that under the delayed endowment mechanism, overbids were lower for patient bidders compared to impatient bidders. Furthermore, the interaction term of the time discounting rate and number of rounds is negative, meaning that impatient bidders lowered their bid significantly over rounds, which might reflect the learning effect of impatient bidders. Some studies have found that lower cognitive ability is associated with more pronounced impatience [32] . The significant interaction effects of bidding rounds with GPA and time discounting rate in the delayed payment treatment suggest that, bidders with possibly higher degree of bounded rationality were able to learn effectively to reduce overbidding as they gained more experience over auction rounds under this mechanism.
Interestingly, in the prepaid session, an increasing degree of risk aversion decreased overbids significantly. This result is consistent with findings in the previous literature of prepaid mechanism [19] . However this effect is not significant in the delayed payment treatments. The negative coefficients of lag-accumulated-loss in all four payment treatments suggests that subjects learn from losses to reduce overbidding, although this effect is only significant in the "onthe-spot" payment and the delayed endowment treatment possibly due to the small sample size in this study. Delayed payment in experimental auctions
Effect of liquidity constraints
In this section, we conducted a close examination of the effect of liquidity constraints, taking into account the pocket money-the amount of money subjects brought to the experiment (we thank Dr. Giovanni Ponti and two anonymous reviewers for the insights of the effect of liquidity constraints on bidding behavior). Subjects' liquidity constraints might affect their bidding behavior significantly, especially when they have to use their own money to pay for the experimental losses. In our study, each participant was provided with 150PHP, which includes 100PHP participation fee and 50PHP as starting balance for the auctions. During the course of repeated auctions, if a subject's accumulated profit became lower than -500ED (-50PHP), that is, if the losses became greater than 50PHP, he or she was no longer allowed to bid in subsequent rounds since the subject had exhausted the starting balance of 50PHP. Therefore, there was a loss ceiling of 50PHP for each subject in our experiment. After excluding one outlier who brought 29,000PHP to the experiment, the average amount of money that subjects brought to experiment was 770PHP and the median was 400 PHP. Subjects' average monthly allowance was around 2,000 PHP and the median was around 1,500 PHP. These amounts Delayed payment in experimental auctions were considerably higher than the experiment's loss ceiling of 50PHP. Furthermore, only 9 out 120 bidders reported pocket money less than the loss ceiling of 50 PHP. Therefore, most subjects did not have liquidity constraints in a strict sense. However, considering the per capita daily consumption of 96 PHP in Philippines (From the National Statistical Coordination Table 7 , which shows very different patterns of bidding behavior between these two groups. After 10 auction rounds, bidders with liquidity constraints in all three payment treatment sessions (lump-sum delayed payment, delayed endowment, prepaid payment) bid significantly lower compared to those in the control session ("on-the-spot" payment), whereas for bidders without liquidity constraint, only bidders in the delayed endowment session bid significantly lower than those in the "onthe-spot" payment session. These results suggest that cash holdings and liquidity constraints of the subjects could affect bidding behavior significantly. The regression on those without liquidity constraints rules out the possible confounding effect of liquidity constraints and provides further support to the significant effect of delayed endowment mechanism in decreasing overbidding. Interestingly, the effect of value is significantly positive in the first 10 rounds, but not in the last 10 rounds (we thank one anonymous reviewer for suggesting the possible effects of private values on subjects' perceived probability of winning). This, again, might suggest that overbidding might be caused by bounded rationality. A bidder might mistakenly think that a higher value might lead to higher profit if he won the auction and a higher bid would increase his/her chance of winning.
As bidders gained more experience from more auction rounds, their bids converged to the optimal strategy through adaptive learning. The effect of lag-accumulated-loss is significantly negative on overbidding for both first 10 rounds and last 10 rounds with liquidity constraints, but only significantly negative in the first 10 rounds without liquidity constraints. This result suggests that liquidity constraints and learning may strengthen with each other; i.e., that the incentive to learn is stronger after losing Delayed payment in experimental auctions money especially when facing liquidity constraints (we thank two anonymous reviewers for their insights on the interaction effects of liquidity constraints and learning from losses). We speculate that without liquidity constraints, the effect of learning from losing may be diluted by other factors such as bidding war/winner's curse. To examine the relationship between the liquidity constraints and probability of overbidding, we conducted a survival analysis by employing the Cox proportional-hazard model, which helps in further disentangling the effects of the payment treatments and the liquidity constraints (we thank an anonymous reviewer for suggesting this method that yields several important results of our study). The Cox proportional-hazards regression is conducted in R using the survival package [33] . In our analysis, the non-survival condition consists of notoverbidding. The conditional probability of overbidding is estimated over the degree of liquidity constraints, which is defined according to the quantile statistics of pocket money with 1 being less than the 5 percentile, and 20 being greater than the 95 percentile ( Table 8 ). The advantage of the Cox proportional hazard model is that, it is a semi-parametric model where the covariates enter the model linearly while the baseline hazard function can take any form [34, 35] . The regression results are presented in Table 9 with hazard ratios computed by exponentiating the parameter estimates. The Cox proportional-hazards regression shows that, holding the degree of liquidity constraints constant, the probability of overbidding is 17.23% lower (p value = 0.0487) in the delayed endowment treatment compared to the control "on-the-spot" payment treatment. The probability of overbidding conditional on the liquidity constraints is also lower in the prepaid treatment compared to the control treatment, although not statistically significant (14.88% lower with p value = 0.1519). However, the probability of overbidding conditional on the liquidity constraints in the lump sum delayed payment treatment is significantly higher (37.58% higher with p value = 0.0002) than the control group, and this effect was not discovered by the regular linear mixed regression. Under this payment mechanism, liquidity constraints did not matter much on the experiment day, since subjects did not receive any payment or pay the loss and their bidding decisions did not lead to any immediate monetary outcome. While the regular linear mixed regression shows that bidders with liquidity constraints on average bid lower, the Cox proportional hazards regression provides the estimation of the probability of overbidding conditional on liquidity constraints, which differs significantly between different payment treatments. Therefore, the results of Cox regression imply that the role of auction design and that of liquidity constraints may significantly overlap (we thank an anonymous reviewer for important insights in this result). Not surprisingly, subjects who brought more pocket money were more likely to overbid, with every extra PHP increasing the probability of overbidding by 0.81% for the same level of liquidity constraint. The effect of pocket money is stronger in all the other three treatments compared to the control "on-thespot" payment. Moreover, the subjects with higher GPA are significantly less likely to overbid, with each 1 point increase in GPA (4.0 point scale) lowering the probability of overbidding by 15.08%. Under the assumption that GPA is an indicator of the cognitive ability, this result lends support to the hypothesis that bounded rationality is a driving force of overbidding.
Concluding remarks
In this study, we designed a "delayed payment" mechanism in economic experiments under which subjects did not receive payment until two weeks after the experiment, and overbidding could cost them their own money on the experiment day. We found that overbidding was reduced significantly under this mechanism compared to the conventional "on-the-spot" payment mechanism. Learning was effective under the delayed endowment payment scheme because it makes overbidding "truly" costly by requiring bidders to pay for their losses with their own money on the experiment day. In our experiments, each auction was repeated for 20 rounds to provide the subjects with sufficient time for learning. Under the adaptive learning theory, rational subjects are expected to learn not to overbid as they gain more experience over rounds when overbidding is costly. Our results are consistent with the adaptive learning theory given that bids converged to the corresponding values over auction rounds and overbidding were reduced by previous losses.
When considering a bidder's liquidity constraints, we found that both delayed and prepaid payment treatments decreased the degree of overbidding for bidders with liquidity constraint. However, in the situation without liquidity constraints, overbidding was reduced by the delayed payment of endowment but not by the prepaid mechanism. It is possible that subjects who received endowment two weeks before the experiment were more willing and prepared to pay than the ones who did not receive the endowment yet. Furthermore, when controlling the degree of liquidity constraints, we found that subjects with higher GPAs were less likely to overbid and the delayed endowment mechanism significantly reduced overbidding compared to other payment mechanisms. Therefore, overbidding seems to depend significantly on bidders' cash holding, and the magnitude of the payment treatment effects depends crucially on liquidity constraints. A major limitation of this study is the small sample size, which may lead to the insignificant effects of some important explanatory variables. Further research should be done with a larger number of subjects. In summary, the results of our study lend support to the hypothesis that overbidding in SPAs might be caused by bounded rationality and could be reduced by adaptive learning. A payment mechanism that makes overbidding "truly" costly and also provides bidders enough learning experience can reduce overbidding.
